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ABSTRACT 

We studied the interaction between the plant Cnidoscolus multilobus, its floral visitors 
and the predator spider Peucetia viridans. The diet of P. viridans was composed exclusively of 
arthropods (spiders 32%, insects 68%). Body length of prey was 5.9 ± 1.0 mm, and prey size 
range was 11.0 ± 0.4 mm (i.e. 0.14-1.3 times larger than the spider). Based on feeding frequency 
and time available for prey capture and feeding, one spider may capture up to 3.9 prey items per 
day, depending on the time of year. From June to October 1998 we tested the number of floral 
visits affected by the presence or absence of spiders (visual effect). Four treatments were tested 
on inflorescences: (1) no spiders, (2) with spider, (3) with modified spider (carapace painted 
red), and (4) with decoy spider. We found two patterns depending on the response of floral 
visitors to “invisible” spider treatments (with and no spiders) and “visible” spider treatments 
(painted and decoy). These patterns were closely associated with the abundance of visitors. 
Using panicle enclosures, we estimated the effect of spider presence on seed set. In months 
with lower abundance of floral visitors (June, July and October), panicles without spiders 
had significantly more seeds than those with spiders. Whereas in August and September, the 
months with the highest number of floral visitors, there were no significant differences between 
treatments. Our results suggest that floral visitors were able to recognize visible spiders and 
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avoid the inflorescences that have them, but were unable to recognize the presence of unpainted 
P. viridans. Since many of those visitors are potential pollinators, spider presence may indirectly 
decrease seed set by C. multilobus on months when floral visitors are less abundant. 

Key words: extrafloral nectaries, Mexico, tritrophic systems, Veracruz. 


RESUMEN 

Estudiamos la interaccion entre la planta Cnidoscolus multilobus, sus visitantes florales y 
la arana depredadora Peucetia viridans. La dieta de P. viridans estuvo compuesta exclusivamente 
por artropodos (aranas 32%, insectos 68%). El tamano del cuerpo de las presas fue de 5.9 ±1.0 
mm, y el ambito de las presas fue de 11.0 ± 0.4 mm (i.e. 0.14-1.3 mas grande que la arana). 
Basandonos en la frecuencia de alimentacion y el tiempo disponible para capturar y alimentarse 
de las presas, una arana puede capturar hasta 3.9 presas por dia, esto dependiendo de la epoca del 
ano. Entre junio y octubre de 1998 probamos si el numero de visitas a las flores era afectado por 
la presencia/ausencia de la arana (efecto visual). Probamos cuatro tratamientos: (1) sin arana, (2) 
con arana, (3) con arana modificada (carapacho pintado con rojo), y (4) arana falsa. Encontramos 
dos patrones dependiendo de la respuesta de los visitantes florales a la arana “invisible” (pintada y 
falsa). Estos patrones estaban cercanamente asociados con la abundancia de visitantes. Utilizando 
paniculas cubiertas, estimamos el efecto de la presencia de las aranas sobre la produccion de 
semillas. Durante los meses con menos abundancia de visitantes florales (junio, julio y octubre), 
las paniculas sin aranas produjeron significativamente mas semillas. Mientras que en agosto y 
septiembre, los meses con el mayor numero de visitantes florales, no se encontraron diferencias 
significativas entre tratamientos. Los resultados sugieren que los visitantes florales pudieron evitar 
aquellas inflorescencias con aranas vivas visibles, pero no les fue posible reconocer a las aranas 
sin pintura. Ya que muchos visitantes florales son potenciales polinizadores, las aranas podrian 
indirectamente reducir el numero de semillas en C. multilobus durante los meses cuando los 
visitantes florales eran menos abundantes y las aranas no estaban saciadas. 

Palabras clave: nectarios extraflorales, Mexico, sistemas tritroficos, Veracruz. 


INTRODUCTION 

Species-level cascades occur within a subset of a community, such that changes 
in predator numbers affect the success of a subset of the plant species (Polis, 1999; 
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Polis et al., 2000; Abdala-Roberts et al., 2010). Spiders are a major component of 
the predatory fauna, capturing a substantial fraction of insects in lower trophic levels 
(Wise, 1993). The predatory activity of spiders can potentially reduce the number 
of herbivorous insects on plants, either by feeding on them or by scaring them off. 
Some spiders (e.g., jumping spiders) also forage for the floral and extrafloral nectar 
offered by plants, which in turn may benefit from the presence of spiders (Pollard 
et al., 1995; Ruhren & Handel, 1999; see also Romero & Vasconcelos-Neto, 2004). 
Most spiders sit and wait for their prey, but jumping spiders move around and are 
aggressive (Ruhren & Handel, 1999). Thus spiders may also play a vital role in plant 
protection by decreasing the number of herbivorous insects, which in turn allows 
the plant to allocate more resources to reproduction resulting in a higher seed set 
(Ruhren & Handel, 1999). However, by feeding on flower visitors and decreasing the 
number of potential pollinators, spiders can simultaneously have an opposite effect 
on plant fitness and decrease seed set. For example, the activities of the green lynx 
spider ( Peucetia viridans , Oxyopidae) benefit the small shrub Haploppapus venetus 
(Asteraceae), since branches with spiders exhibited lower flower head damage 
(Louda, 1982). The number of pollinated flowers was also less, but the overall net 
effect of the spider on the plant was positive (Louda, 1982). 

The spider Peucetia viridans exhibits a close relationship with nectaries 
(both floral and EFN) from shrubs of the genus Cnidoscolus (Euphorbiaceae) (e.g., 
C. aconitifolius and C. multilobus) in a large portion of its distribution in Mexico 
(Arango, 2001; Arango et al., 2000; Parra-Tabla et al., 2003). In the P. viridans-C. 
aconitifolius association, spiders choose plants potentially more attractive to floral 
visitors, and actively avoid intraspecific competition for territory by selecting isolat¬ 
ed plants (Arango et al., 2000). Some populations of C. aconitifolius with P. viridans 
and ants exhibit low rates of herbivory, whereas other populations without the spider 
and ants exhibit high rates of leaf damage by geometrid caterpillars (Lepidoptera: 
Geometridae) (Arango et al., 2000; Carbajal-Rodriguez, 1998, Parra-Tabla et al., 
2003). Different rates of herbivory exert compensatory effects in C. aconitifolius , 
although high rates of herbivory can have a detrimental effect on its leaf growth 
rate, fruit production, and sexual expression (Parra-Tabla et al., 2003; Parra-Tabla & 
Herrera, 2010). Female butterflies are able to visually recognize potential egg preda¬ 
tors (e.g., ants, Freitas & Oliveira, 1996) and actively choose those sites that were 
safer for egg-laying, thus decreasing the risk of death for their offspring. In the case 
of herbivores like geometrid caterpillars, it is “quite possible that adult moths while 
laying eggs are able to recognize the presence of P. viridans , thus caterpillars are 
absent from these systems”. We hypothesize the plant benefits from the presence of 
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the spider because it prevents egg-laying by potential herbivores, indirectly decreas¬ 
ing herbivory rates. This benefit counteracts the detrimental effect of spiders on seed 
set due to predation of potential pollinators. Finally, a recent study has established 
that the effect of predatory spiders can be affected by the activity of other predators, 
such as ants (Nahas et al., 2012). 

Here we describe the tri-trophic level interaction between the plant Cnidoscolus 
multilobus , its floral visitors and the predatory spider Peucetia viridans. In particular, 
we emphasize which organisms comprise the diet of the spider, its daily rate of intake, 
and if floral visitors perceive the presence of the spiders on the inflorescences. In 
addition, determine if the presence of spiders affects floral visiting rates of potential 
pollinators, and how predation of the spider on pollinators affects seed set. 


STUDY SITE AND METHODS 

Field work was conducted in an area of secondary vegetation 1.5 km South¬ 
east of Las Trancas, near Xalapa, Veracruz, Mexico (19°14'N, 96°19' W, altitude 
1300 m). The vegetation is composed of a mixture of secondary species derived 
from elements of tropical deciduous forest and montane cloud forest, surrounded 
by sugarcane and coffee plantations (Rzedowski, 1978). The climate is warm sub- 
humid, annual precipitation is ca. 2000 mm, with the main rainy season occurring in 
summer, and winter precipitation 5-10% of the total rainfall, mean temperature of 20 
°C (maximum 34 °C, minimum 6 °C) (Soto & Garcia, 1989). 

The green lynx spider {Peucetia viridans ) is a cursorial hunting spider, forag¬ 
ing by day and night on a wide variety of prey commonly living on wild flowers, 
grasses, low shrubs or weeds (Brady, 1964; Nyffeler et al. 1987a; 1987b; 1992; 
Simon, 1980; van Niekerk & Dippenaar-Schoeman, 1994; Vasconcelos-Neto et 
al. 2006; Weems & Whitcomb, 1977; Whitcomb & Eason, 1967; Whitcomb et al., 
1966). It is a dominant polyphagous predatory arthropod, its diet includes several 
insect orders and spiders (including its own species), and may prey on individuals up 
to 2.5 times larger than itself (Nyffeler et al., 1987a, 1992). Peucetia viridans is con¬ 
sidered an annual univoltine species, with a reproductive season between June and 
September. Oviposition (25-600 eggs) occurrs between September and December, 
and with hatching and dispersal of juveniles by ballooning in December to March, 
growth of juveniles takes place between March and June (Arango et al., 2000; Exline 
& Whitcomb, 1965; Whitcomb & Eason, 1965). In Texas and Florida, P. viridans 
is frequently associated with Croton capitatus (Euphorbiaceae), Gossypium spp. 
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(Malvaceae) and Helianthus spp. (Asteraceae), where it plays an important role as 
predator of noxious fauna (Randall, 1982; Simpson, 1995). In Mexico, P. viridans 
is associated with C. aconitifolius and C. multilobus (Arango, 2001; Arango et al., 
2000; Carbajal-Rodriguez, 1998; Parra-Tabla et al., 2003). 

We used two sampling methods to estimate the diet of P. viridans : (1) using 
a 7 cm diameter plastic cup, we captured spiders with prey, and released the spi¬ 
ders but preserved the prey in 70% alcohol; and (2) we placed mesh traps close to 
the ground under spider nests located on C. multilobus plants (30 traps per month), 
and collected all fallen corpses discarded by the spider. In order to exclude ants 
from stealing the corpses, the bottom of the mesh traps were covered with tanglefoot 
(The Tanglefoot Co., Grand Rapids, MI, U.S.A.); which was replaced as needed (i.e. 
when dry or with excess of debris). Cups and traps were visited every 5 days from 
June to October 1998, and all prey corpses were identified to Order level. 

To establish the potential of spiders as predators, we estimated their daily rate 
of intake as number of prey items per spider per day, which was suggested as the 
best way to characterize the impact of spiders on the population of prey (Nyffeler et 
al., 1987a; 1987b). The rate of prey capture of P. viridans (b) was computed using 
the method for wolf spiders developed by Edgar (1970) and modified by Nyffeler et 
al. (1987a; 1987b): 

b = (T f xa*)/(T h x 100) 

where T is the proportion of time of day in minutes (min d' 1 ) available for prey cap¬ 
ture and feeding in the field, co is the percentage of spiders with prey in a sample, 
and T h is the average handling time (min). Since spider size/age structure is seasonal, 
prey capture rate was only computed for August, when >90% of the spiders fitted 
the adult size range (10-24.7 mm). Feeding frequency (co) and the time available 
for prey capture and feeding in the field (T 7 ) were assessed along a 30 m transect 
from June to October (a 1 h sampling effort per survey). We walked the transect at 
a slow pace and at different times of the day (0600, 1200, 1800, 2400) during three 
days, and recorded the number of spiders on C. multilobus with and without prey. 
Handling time (T h ) was defined as the period between the start of an attack and ces¬ 
sation of feeding by a spider, and was estimated in the laboratory using a sample of 
20 spiders randomly collected in the study site. We measured the handling time in 
sub-adult and adult P. viridans regardless of gender while feeding each spider with 
Apis mellifera (a common flower visitor and prey) on one day per week for three 
consecutive weeks. 
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To test if there was a visual effect of the spiders on the visiting rate of in¬ 
sects to flowers (i.e., if butterflies, bees, wasps or flies can distinguish and avoid 
spiders), we marked three groups of four plants and considered each group as an 
experimental block. Plants within each block were at a close-enough distance that 
allowed for simultaneous observation. By manually removing inflorescence pan¬ 
icles, their number per plant was standardized to avoid differential insect attrac¬ 
tion due to different flower number. Four treatments were conducted: (1) without 
spider, (2) with spiders, (3) with modified spider (carapace painted red to make it 
evident to the flower visitor), and (4) with decoy spider (breadcrumb painted the 
same light green as the living spider). We used a four-day period to apply one of 
the four treatments to every plant in each block (i.e. one day per treatment), so 
that at the end of the experiment, all treatments had been applied to all plants. The 
experiment was repeated every month from June to October 1998). We counted 
floral visitors in each of the three blocks from 11:00 to 13:00 (15 min per block) at 
each sampling period. We defined a visit as the direct contact of an insect with any 
flower of the target plant. The analyses were performed using the JMP software 
suit (SAS) on three blocks of four plants in four days per treatment per month (n 
= 3x4x4x5 = 960). 

To search for differences in seed production in plants with and without spi¬ 
ders, we selected 60 C. aconitifolius individuals with comparably similar cover, 
height and number of panicles. This experiment was conducted once a month from 
June to October 1998 using the same 60 plants. Two treatments were assigned to 
these plants: half (n = 30) were plants with spiders present, and the other half without 
spiders (spiders were removed when they visited). The day prior to observations six 
virgin panicles (before anthesis) were selected, marked and enclosed with cheese 
cloth bags. The bags were removed the following day at 06:00 h, leaving the flowers 
exposed for 24 h, and again bagged until flowers lost receptivity. To avoid damage 
due to excess humidity, bags were removed when fruits started development then 
seeds were removed and counted. 

A log-linear model was fitted using the GLIM-4 statistical system package 
(Francis et al., 1993) to test the hypothesis that the median rate of flower visits 
among treatments varied depending on spider or decoy presence. We used count data 
and a log-linear model with Poisson link errors, where the change in deviance could 
be compared directly with x 2 tables to assess significance (Crawley, 1993). In order 
to determine differences between months and treatments we used a Tukey HSD test 
after data were square-root transformed (V(y- 1) (Zar, 1999), verifying for normal¬ 
ity and after computing a four-way ANOVA for the visual effect experiment and a 
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three-way ANOVA for seed production experiments. The results obtained with the 
ANOVAs were identical to those obtained using GLIM. 


RESULTS 

The diet of P. viridans was composed exclusively of arthropod species (Table 
1). Thirty-two per cent of prey items were spiders (of which 4.3% were P. viridans). 
Among the insects recovered (68% of total prey items), the most abundant were 
Hymenoptera (28.4%), especially Apis mellifera (21.1% of total items captured), and 
Lepidoptera (26.0%), Prescisevarate zonalis (5.3% of total items captured). Other 
insect orders (Diptera, Heteroptera, Neuroptera, Odonata, and Orthoptera) represent¬ 
ed less than 15% of the total of prey items recovered. 

Individuals of P. viridans observed feeding had a mean (± SE) body length 
(including leg span) of 11.0 ± 0.4 mm (range 8.3-12.7 mm). Early instars of this 
spider were also found on C. multilobus plants, but were not included in the observa¬ 
tions. Mean (± SE) body length of prey items was 5.9 ± 1.0 mm (range 1.6-16.5 mm). 
Thus, prey items of P. viridans were from 0.14 to 1.3 times the size of the spider. 

The proportions of spiders with prey items at different times of the day sug¬ 
gest that this species mostly feeds during the day and evening (range 0500-2200). On 
any given observation day, there were less than 15% of the observed spiders feeding, 


Table 1. Prey range (%) of the spider Peucetia viridans (Oxyopidae) foraging on Cnidoscolus 
multilobus (Euphorbiaceae) (see Methods). 


Class 

Order 

Percent (n) 

Insecta 

Diptera 

4.8(10) 


Heteroptera 

4.3(9) 


Hymenoptera 

28.4(59) 


Lepidoptera 

26.0(54) 


Neuroptera 

0.5(1) 


Odonata 

1.0(2) 


Orthoptera 

2.9(6) 

Total Insecta 


67.8(141) 

Arachnida 

Araneae 

32.2(67) 
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but always with at least one individual ingesting a prey item. Based on the values of 
feeding frequency (co) and the time available for prey capture and feeding in the field 
(7p (Table 2), one spider may capture a maximum of 2.4 prey items per day in June, 
3.9 prey items per day in August and 2.9 prey items/per day in October. 

The abundance of floral visitors was significantly associated with treatment and 
month, and the generalized linear model explained 83% of the total variance (Table 3). 
Treatment alone explained 60% and month 21% of the total variance; the interaction 
between these variables explained an additional 2% (Table 3). Also, seeds per panicle 
were high in August and September because this is the result of pollinations (insect pol¬ 
linators) in June and July, and indeed in August the insects are satiated, then the number 


Table 2. Values of parameters used to obtain the prey capture rate of Peucetia viridans in the 
three months when they were most active, b, prey items per spider per day; t = proportion of 
time of day (h d 4 ) for prey capture and feeding in the field; w = spiders with prey in sample 
(%); t h = average handling time (min). 


Month 

'/ 

w 

h 

b 

June 

17 

5.8 

25.0 

2.38 

August 

18 

9.0 

25.0 

3.86 

October 

15 

8.0 

25.0 

2.87 


Table 3. Results from the generalized linear model (GLIM) fitted to the data on visual effect 
(number of floral visitors per treatment). Treatments were: spider present, spider absent, 
spider with carapace painted red and spider decoy. 


Source of variation 

f 

df 

% of deviance 

F 

P 

Treatment (A) 

4448.61 

3 

56.91 

1019.50 

<0.0001 

Month (B) 

1251.21 

4 

16.02 

151.51 

< 0.0001 

Site (C) 

0.83 

3 

0.01 

0.40 

0.7545 

Day [month] 

30.97 

15 

0.40 

1.42 

0.1307 

Block [site] 

5.48 

8 

0.07 

0.47 

0.8768 

Ax B 

734.09 

12 

9.39 

42.06 

<0.0001 

Ax C 

28.99 

9 

0.37 

2.21 

0.0192 

Error 

1316.32 

905 

16.84 



Total 

7816.50 

959 

100 
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of insect visitors declines as well as of spiders as a result of season change. Seed set in 
October was due to the drop of pollinators and spiders between August and September. 

Seed set was significantly associated with treatment and month. The gener¬ 
alized linear model explained 77.1% of the total variance (Fig. 1, Table 4). Month 
alone explained 65% and the treatment 4% of the total variance; the interaction be¬ 
tween these variates explained an additional 8.1% (Table 4). Seed set in months with 
lower abundance of floral visitors was different, whereas in August and September, 
the months with the highest number of floral visitors, we found no significant differ¬ 
ences between treatments (Tukey HSD, P = 0.992 and 0.066, respectively). 


DISCUSSION 

Our results show that the diet of Peucetia viridans was composed exclusively 
of arthropods (spiders, hymenopterans and lepidopterans). Most of the two insect 
groups, were floral visitors, and considered as potential pollinators (e.g., bees rep- 



Fig. 1. Seeds per panicle of Cnidoscolus multilobus (X + SE), from June to October. Empty 
bars = without spider, and shaded bars = with spiders. Vertical lines indicate one SE. 
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Table 4. Results from the generalized linear models fitted to the data on reproductive success of 
C. multilobus (estimated as number of seeds produced per inflorescence) between treatments 
with and without spider. NS = non significant. 


Source of variation 

x 2 

df 

% of deviance 

P 

Treatment (A) 

474.7 

1 

4.0 

<0.0001 

Month (B) 

7742 

4 

65.0 

<0.0001 

Plant 


59 



Inflorescence (nested in plant) 

95.5 

5 

0.8 

NS 

Ax B 

959.4 

4 

8.1 

<0.0001 

Total 

11919 

1799 

100 



resented 22% of total prey items). This is similar to observations in a Texas cot¬ 
ton field, where pollinating bees attracted to wild flowers and cotton plants during 
bloom were frequently overpowered by P. viridans , and constituted 23% of their 
prey (Nyffeler et al., 1992). The daily maximum prey capture rate of P. viridans 
(ca. 3 ind/day) is higher than for most studied spiders, which usually feed on 1-1.5 
individuals per day. Our observations suggest that the number of spiders with prey is 
associated with the abundance of floral visitors, and not as a function of time of day, 
suggesting that P. viridans , as is the case for many other spiders, adjusts prey intake 
depending on differences in food supply (Foelix, 1982; Turnbull, 1962; 1965). 

Our results also suggest that prey, when approaching an inflorescence of C. 
multilobus , do not detect the difference between a live spider and the absence of 
spiders, but do detect and avoid strange objects (red-painted spiders, decoys). Thus, 
there were more visits to inflorescences with live unpainted spiders or no spiders, 
and less to inflorescences with painted spiders or decoys. Results suggest that at the 
beginning of the cycle in June (or maybe late in May) the number of spiders is low 
(insect visitors high), reach a peak and decline. So, low number of spiders, more seed 
set at the beginning and end of the season. It may be worth considering that possibly 
painted spiders and decoys may have little or no effect on seed set. The body color 
and hairy legs of P. viridans mimic the surrounding vegetation when stalking within 
the base of the panicle or among the floral pedicels, which are also bright-green and 
covered with hairs. Many spiders, including P. viridans , have the ability to change 
their body color as a response to substrate color (Gertsch, 1949; Neck, 1978; Thery 
& Casas, 2002). The use of color signals varies greatly, and is usually associated with 
the diversity of rewards (Willson, 1983). Bees and butterflies are in general reported 
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unable to distinguish red (Borror et al., 1981) or shades of green (Neck, 1978), and 
thus P. viridans. On the other hand, it has been hypothesized that red marks on the 
spider body absorb certain wavelengths making them invisible to insects, although 
they may function as a warning or deterrent device for predators of the spider, like 
birds and other vertebrates (Hinton, 1976; Neck, 1978). 

The predatory activity of Peucetia viridans on the floral visitors of Cnidos¬ 
colus multilobus indirectly decreased its seed set; C. multilobus individuals without 
spiders exhibited a significantly higher seed set than plants with spiders. Seed set 
differed between plants with and without spiders in months with lower abundance 
of floral visitors, whereas in August, the month with the highest number of floral 
visitors, we found no significant differences between treatments. Probably the latter 
is the effect of spider satiation due to prey abundance consequently pollination was 
not affected in the month of peak pollinator visitation. Similarly, inflorescences of 
Haploppapus venetus (Asteraceae) inhabited by P. viridans produced fewer seeds 
than inflorescences in plants without spiders (Louda, 1982, see also Gon 9 alves-Sou- 
za et al. 2008). Moreover, the viability of seeds from plants with spiders increased 
17%, suggesting a positive net effect for the plant between the detrimental effect of 
spider predation on flower visitors and the beneficial effect of spider interference 
or predation on seed predators (Gon 9 alves-Souza et al., 2008; Louda, 1982). How¬ 
ever, Louda (1982) used the tallest flowering branch for her study, and our results 
for Cnidoscolus aconitifolius have shown that P. viridans selects the most suitable 
places to hunt (e.g., the most attractive inflorescence for pollinators, Arango et al., 
2000), which is not necessarily the tallest inflorescence, so a comparison should be 
conducted between inflorescences of different characteristics in order to assess the 
effect of the spider on a plant individual. 

Even though we did not evaluate the effect of spiders on herbivore activity, 
which may balance their detrimental effect on pollination and seed set, it is clear 
that predators of flower visitors in general, such as spiders, can influence plant fit¬ 
ness by determining the balance between pollination and seed predation by insects 
(Louda, 1982). Moreover, we found spiders with pollen on their body, so they may 
affect limited pollination and somehow balance their detrimental effect on poten¬ 
tial pollinators. On the other hand, it has been reported that spiders feed on pollen 
to complement their diet, and some species feed on it exclusively (Nyffeler et al., 
1994). To fully comprehend this system and to evaluate the effect of changes in 
predator numbers on the success of the plant (‘species-level cascade’, Polis, 1999; 
Polis et al., 2000), future studies should consider the effect of spiders on herbivores 
and their potential role as pollinators. 
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